Summary--A cationic exchanger paper is used to retain analytes in solution and, after drying, to analyze directly by measuring the UV-Vis absorbance of the paper. The method was applied to determination of iron using its known I, 10-phenanthroline complex. Using 100 ml of sample the applicable concentration range was between 1.0 and 10.0 ng/ml with a detection limit of 0.2 ng/ml and a RSD around 2%. The method was applied to determination of iron total in snow, human serum and wine.
Preconcentration is not only an alternative to the use of sophisticated instrumentation in trace level analysis, but is also a previous step in the treatment of the sample before the measurement when the analyte to be determined is present in the sample at levels below the detection limits of the method.
The use of filters (cellulose, ion exchange resin loaded paper or PTFE, chelating paper, glass fiber, etc.) is a very elegant way to retain analytes and is often used as a preconcentration procedure. When the sample is concentrated by fixation on the filter it is usually desorbed with the aid of a reagent I or dissolved together with the filter, before making the measurements.: Another way is to make the measurement directly on the filter in order to combine preconcentration and measurement. The use of ioncollecting filters as a preconcentration step for analysis of water by X-ray spectrometric techniques has also been described in the literature)
The direct measurement of luminescence properties allows the direct assay of substances in the solid-phase:
UV-Vis absorption techniques used in connection with filtration systems are related to solid phase spectrophotometry (SPS). s Four main groups of applications are described in the literature:
(i) Use of finely divided ion-exchanger resin particles (d ~< 30 /tm) to collect rapidly *Author to whom correspondence should be addressed.
(ii) (iii) (iv) coloured analytes or reaction products and back coagulation by addition of suspensions of oppositely charged resin particles. The filtration of the coagulated resin through a filter paper and the measurement of the absorbance allows one to do the analysis. 6-9
In some cases the desired coloured complex in the presence of ionic surfactants is collected onto a membrane filter and then determined directly on it) °-u' Separation by a membrane filter of the coloured complex sorbed with a finely dispersed ion exchanger and direct spectrophotometric measurement, t2
The direct retention of a complex on a solid support. For instance, the strong retention of the Be(II)-Chromazurol B complex in a cellulose nitrate membrane filter in the presence of hexadecyltrimethylammonium bromide combined with SPS allows the Be analysis) 3
The aim of this work was to use an ionexchanger paper to retain a coloured complex by filtration and, after its preconcentration, to analyze it directly on the same filter by SPS. To the best of our knowledge the retention of analytes or reaction products on ion-exchanger paper through filtration and direct determination has not been reported.
As a model system we have selected the well known Fe(II)-l,10-phenanthroline system, 712 F. CXPrTZN G^aci^ et al.
applying it to the analysis of both Fe(III) and Fe(II) in samples from several provenances.
EXPERIMENTAL

Apparatus and software
All spectrophotometric measurements were performed with a UV-Vis Beckman DU-8B spectrophotometer. A pellet holder (ref. MD-OZ) from an IR spectrophotometer Beckman IR 4240 was used as a support for the filter paper disk. A Crison 501 digital pH-meter with a combined glass-saturated calomel electrode and a vacuum pump (Edwards model ED 100) were used.
We used a 47 mm glass filter holder Millipore (ref. XX1004700) taking advantage of a ringshaped metachrylate plug with an internal diameter of 14 mm to decrease the filtration area contacting a like rubber ring of I mm thickness to allow for good adjustment and avoiding lateral diffusion of the solution.
Startgraphics software package 1' was used for regression analysis (linear model).
Reagent
All reagents used were of analytical reagent grade. Reverse osmosis type quality water was used for the dilution of samples and preparation of reagents.
Fe(III) stock solution (1 g/1.) was prepared by dissolution of 1 g of Fe metal (Merck) in 50 ml of HNO3 (1:1) (v/v) and later dilution with high purity water to 1 1. Working solutions were prepared by appropriate dilution maintaining the pH at 2.2 in all instances by addition of 1M HNO3.
Buffer solutions of the required pH were prepared from 0.01M sodium acetate (Merck) and 0.01M acetic acid (Merck).
A stock solution of hydroquinone (9.0 x 10-4M) was prepared by dissolving appropriate amounts of hydroquinone (Merck) in water.
A stock solution of 1,10-phenanthroline (2.78 x 10-3M) was prepared by dissolving 0.1250 g of 1,10-phenanthroline (Merck) in hot water and levelling off to 250 ml.
Cation exchanger paper was Whatman P-81 cellulose phosphate paper, thickness 0.23 ram, linear flow rate (water) 125 ram/30 rain and an exchange capacity of 20.34/~eq/cm z calculated by us. This paper was cut in a circular shape of 16 mm diameter. In order to compact the filter paper and obtain repeatability in the measured absorbance, immediately before utilization 100 mi of deionized water was filtered through the paper disks.
Absorbance measurements
The paper disk with the retained coloured complex was placed on a 13 mm KBr pellet holder from an IR spectrophotometer and subsequently attached into the sample compartment of a UV-VIS spectrophotometer. The absorbance was measured at 510 nm with a slit width of 5 nm.
The net absorbance of the complex fixed on the paper disk was obtained at 510 nm subtracting from the observed absorbance the absorbance of a paper disk equilibrated with blank solution.
General procedure
To an aliquot of sample containing between 100 and 1000 ng of iron, 10 ml ofpH 3.5 acetate buffer solution, 5 ml of 9.0 x 10-4M hydroquinone solution and 2 ml of 2.78 x 10-3M 1,10-phenanthroline solution were added levelling to 100 ml with water. After 10 min the mixture was filtered under suction at 10 ml/min through a 16 mm diameter circular cation exchanger paper, which was dried by blowing hot air for 10 min at 60°C.
The other paper filter disk was prepared using a blank solution containing all the reagents except the analyte and treated in the same way. The absorbance of both paper filters (sample and blank) were measured at 510 nm. The calibration curve was drawn in the same way using Fe(III) solutions of known concentration.
Procedure for real samples
For determination of iron in 2 ml samples wine were previously diluted to 200 ml with water and appropriate volumes were taken for analysis applying the General Procedure. The standard addition method was used for calibration purposes.
For determination of Fe in snow, 10 ml samples were taken and the standard addition method was also used.
In the case of human serum a blood sample was previously centrifuged and 1 mi of serum was taken and diluted to 25 ml with water. Appropriate volumes were taken for analysis applying the General Procedure. For calibration, the standard addition method was used.
Treatment of the samples
Wine, serum and melted snow were filtered through filter paper of pore size 0.45/am (Millipore HAWP04700) and collected into a polyethylene container which had been carefully precleaned with nitric acid and water. The snow samples were preserved at pH 2.2 with nitric acid and stored at 4°C till analysis. Analysis were performed with the least possible delay and the usual general precautions were taken to avoid contamination.
RESULTS AND DISCUSSION
The simplest system for retention of an anaiyte on an ion-exchanger filter is its filtration through it. Owing to hindrances caused by the glass filter holder located below the ion-exchanger paper, the use of a vacuum pump was required.
As a small diameter filtration zone increases the sensitivity of the method and a large diameter decreases filtration time, we selected a 16 mm diameter filter as a compromise and a glass filter holder as described under Apparatus.
Physical variables
In order to test the influence of the vacuum pressure on the absorbance measurements different values of vacuum pressure, i.e. different flow rates, were checked for solutions containing 15.0 ng/ml of iron. The absorbance remained stable at vacuum pressure values higher than 70 mbar (Fig. 1) . As a compromise, 75 mbar vacuum pressure (rate of filtration 10 ml/min) and filtration times of around 10 min were used.
On the other hand, as adequate reproducibility requires measurements to be carried out over dry paper, several drying tests indicated the suitability of blowing hot air at 60°C for 10 rain.
Chemical variables
The cationic Fe--l,10-phenanthroline complex is strongly retained on cellulose cation exchanger paper (Whatman P-81) containing phosphate as functional groups, showing the well known red colour of the complex and an absorption spectrum similar to that of solution ()'max -510 nm).
The effect of pH was studied using sodium hydroxide and hydrochloric acid for adjustment.
The optimum pH value for the fixation of the Fe(II)-l,10-phenanthroline complex was within the range 3-5.5 ( Fig. 2) . At pH values below 3 absorbance of the complex decreases significantly because the fixation process does not take place owing to the protonation of the functional groups. At pH values above 5.5, the Na + cations compete with the complex in the fixation. This behaviour is different to that showed in solution where the absorbance does not change for pH range between 2 and 9.
Citrate, monochloroacetate, hydrogen phthalate, oxalate and acetate buffer solutions of various concentrations (1 × 10 -t, I x 10 -2 and 1 x 10-3M) were tested. It was found that acetic acid-sodium acetate (1 x 10-2M) buffer affected the absorbance reading the least.
An acetic/acetate buffer solution pH 3.5 (0.01M) was used to adjust the pH according to the major buffer capacity and the minor decrease in the analytical signal (Fig. 2 ).
An increase in the concentration of the cationic components of the solution brings about a competition in the complex retention which reduces the absorbance. From a study carried out with several common electrolytes (NaC1, KNO3 and NaNO3) it was shown that for concentration levels of electrolyte up to 10-3M there were no absorbance decreases, while for values such as 10-2M decreases of 60% were detected.
It was observed that the proportion of 1,10-phenanthroline necessary for the formation and retention of the complex is higher than in solution, in which proportions near stoichiometric are needed. Here a plateau was observed between 10 -4 and 10-SM, 5.65 × 10-SM was selected as working concentration.
The most useful reducer for Fe(III) was hydroquinone, ascorbic acid and hydroxylamine also having been assayed. Independence from hydroquinone concentration was observed between 3.0 × 10 -4 and 1.0 x 10-6M. In this work 4.5 × 10-5M hydroquinone solutions were used in all instances.
The stability of the complex fixed on the filter paper is very high. Thus, measurements repeated on samples formerly evaluated up to three years ago showed only a decrease in absorbance of around 5%.
Analytical parameters
Effect of sample volume on sensitivity. One of the main advantages of the solid-phase spectrophotometry method is the potential increase in sensitivity with an increase in the volume of the sample taken for analysis. This effect can be assessed by measuring the absorbance of ion exchange paper equilibrated with different volumes of solution containing the same concentration of Fe(III) and proportional amounts of the other reagents. Figure 3 show the dependence of absorbance vs. increasing amounts of Fe(II)-l,10-phenanthroline. Amounts of Fe greater than 13 /zg cannot be retained by the ion exchange papers because they exceed the loading capacity of the filters.
Analytical features
A calibration graph for the determination of Fe(III) was prepared as described under Procedure. The regression line equation for the iron concentration was A = 3.37 x 10-2C (ng/ml)+0.012 (r=0.9998) in the range 1.0-10.0 ng/ml. In all instances 100 ml of sample volume were used. The analytical parameters are summarized in Table 1 .
At iron concentrations higher than 10 ng/ml the calibration graph bends, thus in order to adjust correctly the values a 2nd-order equation is required. The relative standard deviations were 5.3 and 4.9% for 10 replicate determinations of 5.0 and 10.0 ng/ml of Fe(III).
If we define the sensitivity of a method as the analyte concentration giving an absorbance of 0.100 then we have no doubt that the method reported in this paper is quite sensitive when compared to other spectrophotometric methods described in the literature. Using the proposed method, the sensitivity is some 4.6 × 10-aM which is indeed much higher than the 10-SM for the common I, 10-phenanthroline spectrophotometric method in solution and nearly one order of magnitude higher than the resin phase method (5.8 x I0-TM)) ~
The detection limit (k =3) according to IUPAC ~6 and the quantification limit (k = 10) t7 were calculated for 100 ml sample volumes, the results obtained are summarized in Table 1 .
Effect o f foreign ions
A systematic study of the effect of common foreign ions on the determination of iron at the 5.0 ng/ml level was undertaken. The tolerance level was defined as the amount of foreign ions producing an error not exceeding + 5.0% in the determination of the analyte ( Table 2) ,
Applications
The proposed method was applied to determination of iron in samples of wine (C. B. Alvear and Espinosa brands), snow from Sierra Nevada, Granada (Spain) and human serum from patients of the Ruiz de Alda Hospital (Granada). In all instances the standard addition method was used in order to avoid the matrix effect. As a reference method we used graphite furnace AAS and the 1,10-pbenanthroline spectrophotometric method. Table 3 shows that results are comparable when using the proposed method and the reference methods whenever the detection limits of each of the methods can be compared.
CONCLUSIONS
A new application of ion-exchanger paper as a system to collect coloured species that contain the analyte by filtration, followed by drying of the retaining paper and solid phase spectrophotometry is described. It has been used for iron determination using 1,10-phenanthroline as a reagent, revealing several advantages over the solution and resin phase methods.
The increase in sensitivity obtained with the proposed method (4.6 x 10-SM) with respect to the solution method (8.96 × 10-6M) and the resin phase method (5.8 x 10-TM) is substantial. The method is faster and simpler than the resin phase method because no isolation of the ion-exchanger from samples is required. Furtherrnore, there are no equilibration steps, only Data are based on the average obtained from four determinations. *l,10-Phenanthroline spectrophotometric method in solution. tGraphite furnace atomic absorption spectrometry.
the passage of the solution through a filter. Moreover, only measurement at one wavelength is needed and not two as is usual in the SPS methods.
Other advantages are the higher stability of the complex fixed on the filter and the fact that it is possible to retain the iron as a complex and then to be able to measure it at a much later time without apparent loss in detection levels.
